Introduction
Atorvastatin (Scheme 1) is a member of a drug class known as statins, used for lowering blood cholesterol. It also stabilizes plaque and prevents strokes through anti-inflammatory and other mechanisms. Like all statins, atorvastatin works by inhibiting HMG-CoA reductase, an enzyme found in liver tissue that plays a key role in the production of cholesterol in the body. The primary use of atorvastatin is for treating of dyslipidemia and preventing cardiovascular disease. 1 Atorvastatin and other statins are associated with anecdotal reports concerning memory loss by consumers, which have been seen in clinical practice in a tiny percentage of users, particularly women. Evidence is conflicting because anecdotal reports contrast with a wellestablished association of high cholesterol with dementia. However, it is known that cholesterol synthesis is necessary for normal neuron functioning. [2] [3] [4] According to the above point, it is very important for the determination of this drug at trace levels.
Several methods have already been reported concerning the determination of atorvastatin in pharmaceutical formulations and clinical samples, including the HPLC system, [5] [6] [7] [8] [9] [10] [11] [12] spectrophotometry, 13, 14 micellar liquid chromatographic, 15 densitometry 16 and reverse-phase HPLC. 17 Electrochemical techniques, such as differential pulse voltammetry (DPV) using modified or unmodified electrodes, can be considered for the determinations of pharmaceutical compounds as strong alternatives to the other instrumental methods. [18] [19] [20] [21] [22] A powerful preparation method for preconcentration and clean up, liquid three-phase micro extraction (LPME), has been introduced and used in recent years. [23] [24] [25] [26] [27] In this method, an analyte of interest is extracted from an aqueous sample (donor solution) through a thin layer of an organic solvent, which is immobilized within the pores of a porous film, and is then back-extracted into an acceptor solution inside the designed extraction cell. The films, being typically disposable, contribute to the elimination of any sample carryover. Selecting a suitable organic solvent and optimizing the micro extraction conditions could obtain the required selectivity for the analytes considered. 28, 29 One important case in the coupling of the electrochemical method with LPME for trace analysis is the type and shape of the working electrode, which have significant effects on the voltammetric results. In this paper, we describe a new combination method based on polytetrafluorethylene (PTFE) film-based liquid threephase micro extraction coupled with differential pulse voltammetry (DPV) for the micro extraction and quantification of atorvastatin calcium (ATC) at the ultra-trace level. Different factors affecting the liquid-three phases micro extraction of atorvastatin calcium, including organic solvent, pH of the donor and acceptor phases, concentration of salt, extraction time, stirring rate and electrochemical factors, were investigated, and the optimal extraction conditions were established. The final stable signal was achieved after a 50 min extraction time, which was used for analytical applications. An enrichment factor of 21 was achieved, and the relative standard deviation (RSD) of the method was 4.5% (n = 4). Differential pulse voltammetry exhibited two wide linear dynamic ranges of 20.0 -1000.0 pmol L -1 and 0.001 -11.0 μmol L -1 of ATC. The detection limit was found to be 8.1 pmol L -1 ATC. Finally, the proposed method was used as a new combination method for the determination of atorvastatin calcium in real samples, such as human urine and plasma. membrane is also facile to construct dynamic miniaturized systems that can be coupled online with chromatographic instruments in automated systems.
The membrane that disassembles the two phases is typically a flat PTFE membrane, or a tubular hollow fiber made of polypropylene, with a well-defined thickness, porosity and pore size (generally 0.2 -0.4 μm). These polymers are hydrophobic and inert to most organic solvents, as well as acidic and basic solutions. Thus, the three-dimensional erection of the membrane is not (or very little) affected by both phase, and the partitioning constants for the organic solvent within the membrane pores should be the same as at for the pure solvent. Sometimes, it was proposed that the porous character of the membrane might have a size exclusion effect. It was discovered that the amount of co-extracted plasma lipids was decreased by more than 90% compared to naive LLE with the same organic solvents. 35 The purpose of this study is to combine the PTFEF-LPME technique with differential pulse voltammetry for the determination of atorvastatin at the ultra-trace level. Atorvastatin is extracted from a donor to a receiving phase, which could oxidize at 0.36 V at the surface of a pencil electrode and produces an analytical signal. The proposed method is highly selective, and more sensitive vs. the reported electrochemical methods for the determination of atorvastatin in real samples at ultra trace levels. 8, 9, [11] [12] [13] [14] [15] [16] [17] [39] [40] [41] 
Experimental

Reagents
PTFE fiber film (with a pore size of 0.22 μm) was obtained from Membrana Co. (Germany).
Sodium hydroxide, n-dodecane, sodium chloride, isoamyl benzoate, propyl benzoate, sulfuric acid (98% w/w, d = 1.84 g cm -3 ), and dibenzyl ether were obtained from Merck (Darmstadt, Germany).
An atorvastatin calcium solution, 0.400 mmol L -1 , was prepared from atorvastatin calcium salt trihydrate (Aldrich) by dissolving 0.0279 g of the analyte in water in a 50-mL volumetric flask.
Other reagents were of analytical grade, and obtained from Merck (Darmstadt, Germany). Milli-Q water (resistance > 18 mΩ cm -1 ) was used through the experiments.
Apparatus
All electrochemical measurements were performed in an electroanalytical system (Micro-Autolab, potentiostat/ galvanostat) connected to a three-electrode cell, Metrohm Model 663 VA stand, linked with a computer (Pentium IV, 1200 MHz) and with micro-Autolab software. The system was run on a PC using GPES and FRA 4.9 software. A pH-meter (Corning, Model 140) with a double-junction glass electrode was used to check the pH of the solutions.
Preparation of the microelectrodes
An Ag/AgCl reference microelectrode was constructed according to similar work. 24 A slight shift was observed in the potential of the reference microelectrode toward that of the conventional reference electrode. A piece of platinum wire (0.25 mm o.d.) was used as a counter electrode. A 2B-pencil electrode (0.5 × 90 mm) was used as a working electrode.
PTFE film and extraction cell procedure
First of all, the desired film was cut into segments according to the size of the middle part of the extraction cell. These segments were set in a vial of acetone solvent after the films were removed from acetone and the acetone was allowed to evaporate completely. Before using, the film segments were completely immersed into propylbenzoate for 30 min to impregnate its pores. The extraction cell segments, illustrated in Fig. 1A , were sonicated for 30 min in ethanol to remove any contaminants. Then, the segments were washed by acetone.
The extraction was performed according to the following procedure: 5.0 mL of the sample solution (pH 6.0) was filled into a 10-mL electrochemical cell. A vial was placed on a magnetic stirrer. The wet segment film was placed in the extracted cell, and 200 μL of the acceptor phase (pH 10.0) was added to the extraction cell. After that, the extracted cell was immersed into the sample solution in the electrochemical cell. The electrodes were inserted into the extracted cell (Fig. 1B) . During extraction, the sample solution was continuously stirred (500 rpm) at room temperature for 50 min, and then a voltammetric analysis was performed. For each extraction, a piece of the film segment was employed only once.
Voltammetric analysis
The analyte was extracted from the donor phase into the organic solvent to be finally back extracted into a smaller volume of the aqueous acceptor phase. Atorvastatin can be an oxide at the surface of the pencil electrode. Therefore, a voltammetric technique was selected as a suitable analytical tool. Once the extraction-electrochemical cell had been set up, and the electrical connections checked, DPV was selected as a detection technique. A DP voltammogram was recorded in the potential range of 0.00 to +1.50 V at a scan rate of 80 mV s -1 , with a pulse time of 50 ms and a pulse amplitude of 50 mV, a deposition potential of 0.00 V with an accumulation time of 120 s. The peak current at the initial time of the extraction was measured and recorded as a blank signal (Ib). The final signal was measured after 50 min, and recorded as the sample signal (Is). The difference in the currents (∆I = Is -Ib) was considered to be a net signal (∆I) for each concentration. A calibration graph was prepared by plotting the net peak currents vs. the atorvastatin concentrations in the solutions. All parameters affecting the extraction efficiency were optimized so as to achieve the maximum sensitivity, and each experiment was repeated in at least three replicates.
Real samples preparation
Urine samples were stored in a refrigerator immediately after collection; 10 mL of the sample was filtered using a 0.45-μm filter, and then diluted 5 times with the donor phase solution (with pH 6.0). The resulting solution was transferred into the cell to be analyzed. A spiked drug without any further pretreatment was used to check the applicability of the method.
A plasma sample was stored in a refrigerator immediately after collection; 5.0 mL of the sample was mixed with 5.0 mL of 10% (w/v) tricholoroacetic acid (TCA), and was centrifuged for 10 min at 4000 rpm. The resulting solution was diluted 5-time with the donor phase solution (pH 6.0), and spiked with atorvastatin. Then, it was transferred into the cell to be analyzed. In other experiments, a suitable amount of a standard solution of atorvastatin was added to the plasma samples. Then, the samples were mixed with 10% (w/v) TCA, and centrifuged for 10 min at 4000 rpm. The resulting solution was diluted 5 times with the donor phase solution (with pH 6.0), and was transferred into the cell to be analyzed.
Calculations
The enrichment factor (EF) and extraction efficiency of atorvastatin were calculated using the following equations:
Here, CAP,final and CDP,initial are the final and initial concentrations of atorvastatin in the acceptor and donor phases, respectively. CAP,final was obtained from the calibration curve. VAP and VDP are the volumes of the acceptor and the donor phases, respectively.
Results and Discussion
Selection of organic solvent A great importance for efficient analyte preconcentration is the selection of a suitable organic solvent in PTFE film. The criteria include non-volatility to prevent solvent loss during extraction, and immiscibility with water, because it serves as a barrier between the two donor and acceptor aqueous phases. Other parameters, such as specific interaction with the analyte (such as π-π interaction, or dipole-dipole interaction, etc.), are also important to select the organic solvents. Four organic solvents including n-dodecane, isoamyl benzoate, propyl benzoate and dibenzyl ether were evaluated for the extraction of atorvastatin. A 5.0 μmol L -1 atorvastatin solution from 5.0 mL of an aqueous solution (pH 4.0) were accomplished. PTFE film was impregnated with the organic solvent, and the extraction cell was filled with the acceptor phase (aqueous solution, pH 10.0). Then, the system was given 50 min for the extraction to complete. The results are shown in Fig. 2 . As can be seen, from the solvent used, propylbenzoate was the most suitable for subsequent experiments. Propylbenzoate has an aromatic ring, just like as atorvastatin. Thus, a π interaction between the organic solvent and the analyte is the main reason for the suitability of propylbenzoate vs. other solvents. Therefore, propylbenzoate was selected as a suitable organic solvent.
Influence of the basicity and acidity of the donor and acceptor phases
Based on this extraction method, the analyte must be transferred from the donor phase into the organic phase. Thus, the pH levels of the donor and acceptor phases play important roles. The influence of the sample solutions pH on the extraction efficiency was investigated in the pH range of 3.0 to 7.0 for a 5.0 μmol L -1 atorvastatin solution from 5.0 mL of an aqueous solution. The results (Fig. 3) showed that increasing the sample solution pH (donor phase) from 3.0 to 6.0 causes an increased extraction efficiency. This is due to the fact that in acidic media, the -NH group of atorvastatin is protonated; therefore, by changing the solution pH from 3.0 to 6.0, charge-less molecules of atorvastatin form to be easily extracted into the organic phase (membrane). Therefore, pH 6.0 was selected as the optimum donor phase solution. The influence of the pH of the acceptor phase on the extraction efficiency was also checked between 8.0 and 11.0. Figure 4 shows that the best extraction efficiency appeared at pH 10.0. This is due to the fact that the -COOH group in atorvastatin converted to -COO -, which therefore makes a charged molecule form of atorvastatin to be easily extracted into the receiving phase. Therefore, pH 10.0 was selected for the optimum acceptor phase solution in a future study.
Effect of stirring speed
Stirring the donor phase solution causes an increase the diffusion rate of the analyte from the donor phase into the acceptor phase, and thus decreases the extraction time. Therefore, the highest speed of the magnetic stirrer should be selected as the stirring speed. However, at higher stirring speeds, air bubbles could be formed, which can prevent transfer of the analyte into the extraction cell, and decrease the extraction efficiency. In order to avoid this situation, a 500-rpm stirring rate was selected for subsequent experiments.
Effect of the extraction time
Since extraction is an equilibrium process, it needs sufficient time to allow partitioning of the analyte between the donor and acceptor phases. In order to study the relationship between the extraction time and the extraction efficiency, a series of experiments were carried out at different times. In this study, due to the nature of continuous extraction analysis, the voltammetric run (to get the peak current) was obtained every 10 min during the extraction of a 5.0 μmol L -1 atorvastatin solution from 5.0 mL of an aqueous solution. Therefore, the effect of the extraction time on the performance of the method was investigated in a single run (Fig. 5) . The results confirmed that the equilibrium between both phases was reached after 50 min. This time was therefore selected for all remaining experiments.
Effect of the ionic strength
Many researchers have reported that increasing the ionic strength of a samples has a beneficial effect on the extraction efficiency of many compounds in liquid-liquid extraction 36 and solid phase micro-extraction. 37 The experiments were designed to evaluate the effect of the ionic strength on the extraction Fig. 4 Effects of the basicity of the acceptor phases on the extraction efficiency for PTFEF-LPME-voltammetry. Extraction conditions are the same as in Fig. 2 , except for the sample pH 6.0 and the acceptor phase pH. Number of replications = 3. Fig. 5 Effects of the extraction time on the extraction efficiency for PTFEF-LPME-voltammetry. Extraction conditions are the same as in Fig. 2 , except for the sample pH 6.0 and the exraction time. Number of replications = 3. Fig. 6 Effects of the ionic strength on the extraction efficiency for PTFEF-LPME-voltammetry. Extraction conditions are the same as in Fig. 2 , except for the sample pH 6.0 and the salt. Number of replications = 3. Fig. 3 Effect of the acidity of the donor phase on the extraction efficiency for PTFEF-LPME-voltammetry. Extraction conditions are the same as in Fig. 2 , except for the sample pH. Number of replications = 3.
potential by adding different amounts of NaCl solution into the 5.0 μmol L -1 atorvastatin solution from 5.0 mL of an aqueous solution in the range of 0 -0.3 g mL -1 (Fig. 6) . Based on the obtained results, the addition of 0.3 g mL -1 NaCl improved extraction of the analyte. Therefore, this salt concentration was selected for further study.
Analytical performance
The enrichment factor, reproducibility, linear dynamic range and limit of detection are figures of merit of the proposed method for the detection of atorvastatin, which were investigated for the extraction of atorvastatin from aqueous solutions under the optimum conditions. DP voltammograms were recorded in the potential range of 0.00 to +1.50 V at a scan rate of 80 mV s -1 , with a deposition time of 120 s and accumulation potential of 0 V. Calibration curves were obtained by plotting the peaks current vs. atorvastatin concentration in the sample solution. The results showed two linear segments with different slopes for the atorvastatin concentrations (Fig. 7) , for 20.0 - The limit of detection (LOD) was estimated based on LOD = 3Sbk/m (where Sbk is the standard deviation for ten replicate signal of the blank solution, and m the slope of the calibration curve); it was equal to 8.1 pmol L -1 atorvastatin. The relative standard deviation (RSD), which explains the reproducibility of the proposed method, was evaluate by extracting 100.0 pmol L -1 atorvastatin from four same samples, and the RSD value was found to be 4.5%. Finally, an enrichment factor of 21 was obtained for the analyte.
Interference study
In order to evaluate the selectivity of the proposed method under the optimized experimental conditions in the determination of atorvastatin, the influence of several organic species on the determination of atorvastatin, which may be present in real sample, were investigated. To evaluate the effect of interferences substances in the determination of 0.1 μmol L -1 atorvastatin, standard solutions of the analyte plus organic compound, such as thiourea, urea, uric acid, valine, fructose, glucose, and ascorbic acid at different concentration levels, were tested. The results showed that neither that 100-fold of thiourea, fructose, glucose, ascorbic acid, uric acid, valine, and nor 200-fold of urea affected the selectivity.
Real sample analysis
In order to assess the applicability of the proposed method for the analysis of atorvastatin in real complex matrices samples, its utility was tested by determining atorvastatin in urine and plasma samples. Atorvastatin is metabolized to derivatives in the human body. 42 Because the plasma concentration of these metabolites is comparable to that of intact atorvastatin, these metabolites can extract to the acceptor phase in the PTFEF-LPME method in clinical samples. However, the oxidation peaks of the derivatives are different with atorvastatin. Therefore, they could not affect the selectivity. For urine samples, each sample was analyzed three times using the proposed method. The results are given in Table 1 . Since the results showed that all of the recoveries were less than 100%. This is due to the fact that atorvastatin is metabolized to derivatives in the human body. 42 
Conclusion
In this study, a combination of microextraction using PTFE-film coupled with DPV was successfully applied to an analysis of ultra-trace amounts of atorvastatin in real samples. Atorvastatin was extracted from real samples into the acceptor phase, and continuously analyzed using DPV. The results indicated that microextraction using PTFE-film could be used as a pretreatment procedure before electroanalytical analysis. The combination of microextraction and electrochemical techniques enhanced both the selectivity and the sensitivity for quantitative analysis. Table 2 gives the figures of merit of the proposed method vs. published methods for atorvastatin determination. As shown in the table, the proposed method is highly selective, and more sensitive vs. the reported electrochemical methods for the ultra-trace determination of atorvastatin in real samples. 8  9  11  12  14  15  16  17  38  39  40  41  42  This work 
